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The nonsaphenous vein of the popliteal fossa:
Prevalence, patterns of reflux, hemodynamic
quantification, and clinical significance
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Hobbs, MD, FRCS,c and Marianne A. Vandendriessche, MD,c London, United Kingdom; and Rochester, Minn
Background: A large tortuous vein coursing over the posterior aspect of the knee and the upper calf may give rise to a
constellation of varicose veins unrelated to the great (GSV) or small (SSV) saphenous veins. Designated the popliteal fossa
vein (PFV), it perforates the deep popliteal fascia and empties into the deep system.We examined the prevalence, anatomic
reflux patterns, hemodynamic role, and clinical significance of the PFV.
Methods: We examined 543 patients (818 limbs) with venous disease, aged 14 to 94 years (median, 55 years). The study
consisted of group A, comprising limbs with a PFV, and group B, formed by the remaining limbs. The history, clinical
examination, and venous duplex scan findings were analyzed retrospectively. Venous clinical severity and venous
segmental disease scores of group A were compared with those of an equal number of CEAP-, sex-, and age-matched
control limbs. In situ venous hemodynamics of the PFV obtained with duplex scan are reported.
Results: A PFV was found in 24 (2.93%) of 818 limbs (95% confidence interval [CI], 1.8%-4.1%); 24 (4.4%) of 543
subjects (95% CI, 2.7%-6.2%), 12 men and 12 women aged 23 to 82 years (median, 54 years) had a PFV. CEAP
clinical classes in limbs with a PFV were as follows: C2, 15 limbs; C3, 5 limbs; C4, 2 limbs; C5, 1 limb; and C6, 1
limb. Proximal and distal (92%), superficial (100%), perforator (87.5%), and complex-pattern (41.7%) reflux
occurred more often in group A (P < .01). Incompetence in the GSV (75%), posterior arch, and posteromedial and
saphenous tributaries was also more frequent in group A (P < .05). SSV reflux in group A (29%) matched that in
group B. The PFV terminated at the deep system (96% in the popliteal vein) above the SSV (median distance, 1.5 cm;
95% CI, 0.5-2 cm). The odds ratio for a PFV in limbs with prior SSV disconnection was 5.68. Deep reflux was evenly
distributed in group A (41.7%) and group B (27%). The prevalence of incompetent perforators was 283% (95% CI,
194%-373%) in group A and 96% (95% CI, 95%-98%) in group B (P < .001). PFV tributaries were distributed at the
popliteal area (100%); the posterior (87.5%), medial (62.5%), and lateral (37.5%) upper calf; and the posterior distal
thigh (17%), often projecting to the posterior GSV arch (50%). The (median) peak velocity of reflux in the PFV was
82.6 cm/s, the mean velocity was 17.7 cm/s, the duration was 2.4 seconds, the volume flow was 231.5 mL/min, and
the expelled volume was 9.3 mL. The median diameter of the PFV at the crossing of the fascia was 0.527 cm. Venous
clinical severity (range, 2-17; median, 5.5) and venous segmental disease (range, 0.5-8; median, 2.75) scores in limbs
with a PFV exceeded (P < .04) those of the control limbs.
Conclusions: With a prevalence of 4.4%, the PFV presents in limbs featuring complex reflux patterns involving all three
venous systems proximally and distally. Limbs with a PFV have a higher propensity for GSV and superficial tributary
reflux and have perforator vein incompetence three times more often than limbs without this vein. The PFV perforates the
deep popliteal fascia terminating at the deep system (ie, the popliteal vein in 96%) distinctly above the SSV. In light of its
reflux dynamics, nearing or exceeding those of severely impaired perforator veins, and the complex patterns of reflux
(venous segmental disease) and venous clinical severity (high venous clinical severity scores) of the affected limbs, clinical
and investigational awareness of the PFV is warranted. (J Vasc Surg 2006;44:611-9.)A large tortuous vein may be seen coursing over the
back of the knee and upper calf, anatomically disparate to
the great (GSV) and small (SSV) saphenous veins. This
vein perforates the deep fascia of the popliteal space and
empties into the deep venous system, most often the
popliteal vein.1-3 Known as the vein of the popliteal fossa
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doi:10.1016/j.jvs.2006.04.055(PFV), its incompetent trunk may be particularly convo-
luted, giving rise to a dense network of large and fine
tributaries distributed at the back of the knee and upper
calf medially or laterally (Figs 1-3).1-3 The PFV may
communicate with adjacent GSV and SSV tributaries,
thus allowing transference of venous reflux from the
former to the latter or the reverse.1 Reported by Dodd3
as one of the varicose tributaries of the popliteal area, the
actual hemodynamic significance and the clinical role of
the PFV have remained largely undetermined. The lim-
ited contributions to this subject over the past 38 years
certainly contrast with the radical changes that have
occurred in the imaging modalities of venous investiga-
tion.4-6 The purpose of this study was to determine the
prevalence, anatomic patterns of reflux, hemodynamic
611
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chronic venous disease (CVD).
PATIENTS AND METHODS
Inclusion criteria. Patients referred consecutively to
the blood flow laboratory of our department by general
practitioners and consultants in northwest London for
noninvasive investigation of clinically suspected CVD (ex-
amined by the same investigator [K.T.D.]) were included.
Exclusion criteria. Excluded were limbs with periph-
eral edema or ulceration unrelated to CVD, infection,
lymphedema, peripheral vascular disease (ankle-brachial
pressure index1.0 with or without absent or weak periph-
eral pulses), recent prior venous surgery (4 years), colla-
gen tissue disease, deep vein thrombosis (2 years), and
venous outflow obstruction suspected clinically and con-
firmed on air plethysmography (outflow fraction 
38%).4,7
Patients. A total of 818 limbs of 543 subjects (217
Fig 1. Varicography of the popliteal fossa vein terminating at the
popliteal vein (a) above the saphenopopliteal junction and (b) as a
single vessel in a limb with a high small saphenous vein termina-
tion.men and 326 women) aged 14 to 94 years (median, 55years; interquartile range, 38-67 years) were included. A
total of 122 (12.9%) of the 940 limbs that were initially
considered for inclusion in the study (1994-2002) were
eliminated on the basis of the stringent exclusion study
criteria.
Design. This was a cross-sectional, controlled study.
Data were based on a standardized clinical protocol of
detailed investigations and comprehensive case notes set up
prospectively. A retrospective data analysis and presenta-
tion of results was approved by the ethics department.
Patients’ consent was waived in light of the anonymous and
retrospective analysis of the study. Eligible limbs were
stratified to group A, consisting of limbs featuring a PFV,
and group B, comprising limbs without such a vein (con-
trol). Clinical and hemodynamic features of the two groups
were then compared.
Protocol. On the basis of comprehensive medical
notes, data retrieval included anatomic findings, CEAP
clinical classification,8,9 and venous duplex scan finding.
Exclusion of limbs with outflow obstruction (outflow frac-
Fig 2. Color flow duplex imaging of severe venous reflux in the
popliteal fossa vein on longitudinal section (a) and in its tributaries
at the upper calf on transverse section (b).tion 38%) was based on air plethysmography performed
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ripheral edema.4,7 The venous clinical severity (VCSS) and
venous segmental disease (VSDS) scores10 of group A were
compared with those of group C, formed by an (unbiased)
selection of subjects from group B matching group A in
sample size (number), CEAP clinical class, sex, and age
with the following method: each subject in group A was
matched to a subject of group B according to the CEAP
clinical class, sex, and age (2 years); if more than one
subject/limb in group B matched the said criteria of the
subject in group A, selection among the possible options
was made at random (draw of a number).
Methodology. Venous duplex scanning was per-
formed as previously reported.11 The anatomic distribution
of venous tributaries, named according to Caggiati et al,12
was mapped topographically or was described in the case/
investigation notes. Reflux was taken as abnormal if it
exceeded 0.5 seconds. Recorded duplex investigation of
the PFV in a subset of limbs examined consecutively by one
of the authors (K.T.D.) enabled retrospective quantifica-
tion of the in situ venous hemodynamics in the lumen of
the vein.13 The duration, peak and mean velocities, volume
flow, venous volume expelled, and venous pulsatility of
reflux in the PFV, as well as its diameter, were measured at
the level of fascial perforation, as previously reported.13
Fig 3. The popliteal fossa vein at the crossing of the deep fascia
and its tributaries exposed surgically and looped with elastic slings.The mean velocity, volume flow, and expelled blood vol-ume in the first second of reflux were also estimated.13 Only
optimally recorded and well-stored spectral waveforms
were considered for data analysis of the in situ hemodynam-
ics in the PFV.
Clarifications. When describing the veins in the pop-
liteal area, Dodd3 also included varicose tributaries arising
from the SSV in the popliteal fossa subfascially. As with
other reports,1,2 our study on the nonsaphenous vein of the
popliteal fossa has excluded such cases by virtue of its
definition. The PFV is anatomically different from the
Giacomini vein (or SSV thigh extension), which has been
analytically examined and comprehensively described.14
Determination of the early natural history and the etiology
of incompetence of the PFV, both remaining obscure,
would be subject to a prospective design, exceeding the
data retrieval capability of this cross-sectional retrospective
study.
Statistics. The difference in proportions was assessed
by using the 2 test. The Yates correction was applied when
indicated.15 The Mann-Whitney test was used for evalua-
tion of intergroup differences in quantitated nonpaired
data, and the Wilcoxon test was used for quantitated paired
data. A P value .05 was regarded as significant. Statistics
of crucial data are supported by 95% confidence intervals
(CIs).
RESULTS
The clinical classification of the 818 limbs according to
CEAP clinical classes was as follows: C0, 182 limbs; C1, 49
limbs; C2, 310 limbs; C3, 100 limbs; C4, 72 limbs; C5, 40
limbs; and C6, 65 limbs. A PFV was found in 24 (2.9%) of
818 limbs (95% CI, 1.78%-4.09%). Twenty-four of 543
subjects had a PFV yielding a prevalence of 4.4% (95% CI,
2.68%-6.16%). The age range of the 24 subjects with a PFV
was 23 to 82 years (median, 54 years; interquartile range,
38.5-66.8 years). The PFV occurred on the right side as
often as on the left (12/12). There were no patients with
bilateral PFV. No sex preponderance was noted in the
occurrence of the PFV (12 [2.5%] of 485 limbs of men; 12
[3.6%] of 333 limbs of women; P .2). Fifteen (62.5%) of
the 24 limbs with PFV (95% CI, 41.6%-83.4%) occurred in
limbs with varicose veins (C2) (Table I).
The VCSS score of limbs with a PFV (median, 5.5;
range, 2-17) was higher than that of group C (median, 4;
range, 2-15) (P .04; point estimate, 2.0; 95% CI, 0.001-
3.0). Similarly, the VSDS score of limbs with a PFV (me-
dian, 2.75; range, 0.5-8) was higher than that of group C
(median, 2; range, 0.5-6) (P  .02; point estimate, 1.0;
95% CI, 0.0-1.5) (Fig 4).
The sites and extent of venous reflux distribution in
limbs with or without a PFV are shown in Tables II to V.
Proximal and distal reflux occurred in 22 (92%) of 24 limbs
with a PFV. Incompetence involving all three venous sys-
tems (superficial, deep, and perforator) was documented in
10 (41.7%) of 24 limbs with PFV; 11 (45.8%) of 24 limbs
had superficial and perforator incompetence. GSV reflux
occurred more often in limbs with PFV (75%) than in
group B (54.8%) (Table III).
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surgery was not different between groups A (8/24; 33.3%)
and B (149/794; 18.8%) (P  .1). Prior saphenous vein
surgery (4 years) had been performed in 8 of 24 limbs
with a PFV, 4 (16.7%) of 24 of which had successful SSV
ligation at the saphenopopliteal junction (no reflux in prox-
imal SSV); SSV ligation had been performed in 27 (3.4%) of
794 limbs of group B. The odds ratio of PFV in limbs with
prior SSV ligation was 5.68 (95% CI, 1.82-17.8; P  .01).
The distribution of reflux in the axial deep veins was
similar in limbs with and without a PFV (Table IV). Popli-
teal vein incompetence was found in 6 (25%) of 24 limbs
with PFV; only 3 limbs had axial reflux in the femoral and
popliteal veins and PFVs in continuity. Incompetent perfo-
rator veins occurred in limbs with PFV three times more
often than in group B; their anatomic distribution in
groups A and B is shown in Table V.
A saphenopopliteal junction was found in 17 of 24
Table I. CEAP stratification of study limbs with (group A
CEAP clinical stratification Limbs with a
No symptoms or signs of CVI (C0) —
Telangiectasias (C1) —
Varicose veins (C2) 15 (62.5
Varicose veins and edema (C3) 5 (20.8
Skin changes (C4) 2 (8.3%
Healed ulcer (C5) 1 (4.2%
Active ulcer (C6) 1 (4.2%
No. limbs 24 (100%
Statistical analysis was performed with the 2 test with Yates’ correction.
NS, Not significant; CVI, chronic venous insufficiency.
Fig 4. Venous segmental disease score (VSDS) and venous clini-
cal severity score (VCSS) in limbs with a vein of the popliteal fossa
(PF; group A) and in limbs without, matched for CEAP clinical
class, sex, and age (group C). The VSDS score of group A was
significantly higher (P  .02; point estimate, 1; 95% confidence
interval, 0.0-1.5) than that of group C (median, 2; range, 0.5-6).
Similarly, the VCSS score of group A was significantly higher than
that of group C (P  .04; point estimate, 2.0; 95% confidence
interval, 0.001-3.0). IQR, Interquartile range.limbs with a PFV. In addition, all 4 limbs with PFV andprior SSV ligation (4/24) had a history of a saphenopopli-
teal junction, determined by preoperative duplex scan find-
ings, the operative notes, and the skin incision and sup-
ported by a more recent vein duplex scan of the popliteal
fossa; the remaining limbs (3/24; 12.5%) had a high SSV
termination, 15 cm or more above the knee skin crease.
There was no record of a PFV identified at the time of SSV
ligation in the above-mentioned limbs (4/24). The SSV
termination in relation to that of the PFV in group A is
shown in Fig 5. The PFV had a significantly higher termi-
nation in the deep system compared with that of the SSV (P
 .042; estimated median difference, 1.5 cm; 95% CI,
0.5-2.0 cm). The PFV terminated at the popliteal vein in 23
(96%) of 24 limbs and at the lateral gastrocnemial vein 1 cm
above the knee skin crease in 1 limb (4%). The extrafascial
course of the PFV, according to the anatomic distribution
of its trunk and varicose tributaries, is shown in Fig 6. The
in situ hemodynamics of venous reflux in the PFV are
shown in Tables VI and VII. The most prevalent anatomic
reflux patterns in the lower limb venous system linked with
a PFV are shown in Fig 7.
DISCUSSION
Harold Dodd was among the first to report the
occurrence of superficial venous tributaries at the back of
the knee, lower thigh, and upper calf, emerging from the
subcutaneous tissue of the popliteal fossa, that were
unrelated to the SSV.3 He identified such veins in 20% of
the 444 surgical procedures he performed for varicose
veins.3 He called these varicose tributaries of the popli-
teal vein “unforgiving” because they could compromise
the outcome of surgery if not properly dealt with. More
recently, among 1076 limbs undergoing varicography
ahead of surgery for varicose veins linked to the SSV or
distributed at the popliteal fossa, Hobbs et al1 reported
that 3.8% of limbs had a PFV that terminated at the deep
veins of the fossa. Among 72 patients (84 limbs) with
primary nonsaphenous varicose veins featuring compe-
tent saphenous trunks, Labropoulos et al2 identified 7
limbs (8%) with a PFV. Previously, among 200 patients
(226 limbs) with isolated SSV incompetence, they had
documented reflux in nonsaphenous tributaries in 7
limbs (3.1%), 5 of which perforated the deep fascia of the
without (group B) a vein of the popliteal fossa (PFV)
Limbs without a PFV P value
182 (22.9%)
49 (6.2%)
295 (37.2%) .02
94 (11.8%) NS
71 (8.9%) NS
39 (4.9%) NS
64 (8.1%) NS
794 (100%)) and
PFV
%)
%)
)
)
)
)popliteal fossa (5/226; 2.2%).16 Nonsaphenous vein
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limbs with primary varicosities and in 1 (2%) of 58 limbs
with recurrent varicosities.
A PFV was documented in 2.93% (24/818) of the
limbs examined and in 4.4% (24/543) patients compris-
Table II. Extent, pattern, and location of venous valvular
a vein of the popliteal fossa (PFV)
Variable Limbs with a PF
Venous reflux 24 (100%)
Proximal —
Distal 2 (8.3%)
Proximal  distal 22 (91.7%)
Superficial 3 (12.5%)
Deep —
Superficial  deep —
Superficial  perforator 11 (45.8%)
Superficial  deep  perforator 10 (41.7%)
Overall superficial 24 (100%)
Overall deep 10 (41.7%)
Overall perforator 21 (87.5%)
Total No. limbs 24 (100%)
Table III. Distribution of venous valvular incompetence i
limbs with (group A) and without (group B) a popliteal fo
Venous reflux Limbs with a PFV
Superficial veins
Saphenofemoral junction 8 (33.3%)
Proximal GSV 3 (12.5%)
Distal GSV 2 (8.3%)
Proximal  distal GSV 13 (54.2%)
Anterolateral tributary* 5 (20.8%)
Posteromedial tributary† 6 (25%)
Anterior arch GSV 4 (16.7%)
Posterior arch GSV 14 (58.3%)
Other GSV tributaries 21 (87.5%)
Saphenopopliteal junction 3 (12.5%)
SSV 7 (29.2%)
SSV tributaries 8 (33.3%)
Total No. limbs 24 (100%)
Incompetence in the GSV trunk overall was significantly more prevalent in 
*Or anterior accessory of GSV.12
†Or posterior accessory of GSV.12
Table IV. Distribution of valvular incompetence in the na
A) and without (group B) a popliteal fossa vein (PFV)
Venous reflux in deep veins Limbs with a PFV
Common femoral —
Femoral 3 (12.5%)
Popliteal 6 (25%)
Anterior tibial —
Posterior tibial 5 (20.8%)
Peroneal 2 (8.3%)
Gastrocnemial —
Soleal 3 (12.5%)
Total No. limbs 24 (100%)ing this study, who were referred consecutively for inves-tigation of clinically suspected CVD. The trunk of the
PFV perforated the deep fascia in its course to the deep
system in the popliteal fossa, terminating at the popliteal
vein, in 23 (96%) of 24 limbs and the lateral gastrocne-
mial vein in 1 (4%) limb. In light of their incompetence
mpetence in limbs with (group A) and without (group B)
Limbs without a PFV P value (2)
794 (100%)
32 (4%) .2
134 (16.9%) .2
433 (54.5%) .001
146 (18.4%) .2
22 (2.8%) .2
36 (4.5%) .2
239 (30.1%) .05
156 (19.6%) .05
577 (72.7%) .02
214 (26.9%) .1
395 (49.7%) .001
794 (100%)
great (GSV) and small (SSV) saphenous systems in
ein (PFV)
Limbs without a PFV P value (2)
236 (29.7%) .2
56 (7.1%) .2
88 (11.1%) .2
291 (36.6%) .05
96 (12.1%) .2
61 (7.7%) .02
86 (10.1%) .2
228 (28.7%) .02
348 (43.8%) .001
110 (13.9%) .2
183 (23%) .2
135 (17%) .1
794 (100%)
 A than in group B ( P  .05).
axial and muscular deep veins in study limbs with (group
Limbs without a PFV P value (2)
46 (5.8%) .2
93 (11.7%) .2
122 (15.4%) .2
9 (1.1%) .2
67 (8.4%) .2
66 (8.3%) .2
65 (8.2%) .2
72 (9%) .2
794 (100%)inco
Vn the
ssa v
groupmed(24/24) and tortuous course penetrating the fascia, the
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veins,6,13 occurring equally on both sides and in both
sexes.
In more than 90% (22/24) of the limbs with a PFV,
incompetence occurred in both the proximal and distal
veins, in contrast to the control limbs (54.5%). Also limbs
with a PFV had a higher prevalence of incompetence of the
Table V. Anatomic stratification and prevalence (95% con
study limbs with (group A) and without (group B) a popli
Anatomic site
No
Limbs with a PFV (n
Thigh
Anterolateral Upper —
Middle 3 [4.4%] (2)
Lower —
Posterior Upper —
Middle 3 [4.4%] (2)
Lower 5 [7.4%] (4)
Medial Upper —
Middle 11 [16.2%] (7)
Lower 1 [1.5%] (1)
Calf
Anterolateral Upper 2 [2.9%] (2)
Middle 1 [1.5%] (1)
Lower —
Posterior Upper 2 [2.9%] (2)
Middle 8 [11.8%] (6)
Lower 1 [1.5%] (1)
Medial Upper 5 [7.4%] (5)
Middle 15 [22%] (11)
Lower 11 [16.2%] (9)
Total 68 [100%]
Prevalence (IPVs/limbs; 95% CI) 283.3% (193.8%-372
CI, Confidence interval.
Fig 5. Level of termination of the vein of the popliteal fossa
(PFV) in 24 limbs in relation to the level of termination of the small
saphenous vein (SSV). The PFV terminated at a higher level than
the SSV (P  .042; median difference, 1.5 cm; 95% confidence
interval, 0.5-2.0 cm). The knee skin crease was taken as a reference
(0 cm); terminations below this level were marked as negative.superficial and perforator veins and a higher propensity forcomplex patterns of reflux involving the deep, superficial,
and perforator veins. Patterns of venous incompetence in
limbs with a PFV match those expected in CEAP classes 4
to 6.11 Yet only a sixth (4/24) of the limbs with a PFV had
skin changes or ulceration (CEAP 4-6), and 83.3% had
either varicose veins alone (CEAP 2; 15/24) or varicose
veins and edema (CEAP 3; 5/24). The clinical severity of
limbs with a PFV is consistent with that in a previous report,
in which most of the limbs with nonsaphenous superficial
vein reflux were CEAP classes 1 (7%), 2 (63%), and 3 (19%)
ce interval) of incompetent perforator veins (IPVs) in
ossa vein (PFV)
orators [%] (No. Limbs)
P value (2)) Limbs without a PFV (n  794)
1 [0.13%] (1) .2
8 [1%] (8) .05
2 [0.26%] (2) .2
3 [0.4%] (3) .2
9 [1.2%] (9) .1
9 [1.2%] (9) .01
11 [1.4%] (10) .2
89 [11.6%] (89) .2
22 [2.9%] (22) .2
7 [0.9%] (7) .2
31 [4.1%] (30) .2
29 [3.8%] (28) .1
15 [2%] (13) .2
83 [10.8%] (76) .2
17 [2.2%] (17) .2
57 [7.5%] (56) .2
229 [29.9%] (215) .1
143 [18.7%] (129) .2
765 [100%]
96.3% (95%-97.7%) .001
Fig 6. Extrafascial distribution of the popliteal fossa (PF) vein
and its tributaries in the posterior calf and thigh (24 limbs).fiden
teal f
. Perf
 24
.9%)and only 10% had skin changes (7%) or ulceration (3%).2
a; Exp
); Ven
rtile ra
al vein
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third of limbs with a PFV. Our results showed a higher
likelihood for GSV incompetence among limbs with a PFV
than in control limbs (group B). Three quarters of limbs
Table VI. In situ hemodynamic analysis of venous reflux i
study limbs with such a vein (see “Patients and Methods”
Variable
Reflux
(s)
Peak velocity
(cm/s)
Time to peak
(s)
Mean velocit
(cm/s)
Median 5.6 25.5 0.2 9.46
IQR 4-8 24.5-46.4 0.1-0.2 9.45-13.5
Range 2.4-11 15.3-82.6 0.1-0.3 9.0-17.7
Analysis refers to the entire duration of venous reflux.
Reflux, Total duration of reflux; Time to peak, time from start to peak reflux
Diameter, diameter of the popliteal fossa vein measured at the level of fasci
at the level of fascia (diameter2/4    mean velocity  total reflux time
Table VII. In situ hemodynamic analysis of venous reflux
study limbs with such a vein (see “Patients and Methods”
Variable
Mean velocity in
first second (cm/s)
Volume flow
first second (mL
Median 23.39 338.0
IQR 20.6-27.7 216.6-481
Range 11.7-36.8 165.5-524
Analysis refers only to the first second of venous reflux.
Expelled volume in first second, Blood volume of reflux in the popliteal fos
differential/mean velocity, both in the first second of reflux; IQR, interqua
GSV
Posterior
Arch
Posteromedial
Tributary
Distal
Tributaries
ATV
Fig 7. Most prevalent anatomic reflux (arrow) patterns
vein. GSV, Great saphenous vein; CFV, common femo
saphenous vein;ATV, anterior tibial veins; Per V, perone(18/24) with a PFV hadGSV incompetence, usually affect-ing the trunk both proximally and distally (13/18). Saphe-
nofemoral junction incompetence was noted in 10 (56%) of
18 limbs, including those with prior high saphenous liga-
tion (3/18). Also almost all of the limbs with a PFV had
trunk of the popliteal fossa vein in 8 (33.3%) of 24
n)
iameter
(cm)
Volume flow
(mL/min)
Expelled volume
(mL) Venous pulsatility
0.527 166.9 11.1 2.7
509-.627 164.7-211.9 10.13-15.4 2.58-3.43
413-.69 76-231.5 9.26-38.85 1.7-4.67
ty; Volume flow,mean velocity cross-sectional area [  (diameter/2)2];
elled volume, blood volume of reflux in the popliteal fossa vein, determined
ous pulsatility, peak/mean velocity; IQR, interquartile range.
e trunk of the popliteal fossa vein in 8 (33.3%) of 24
n)
)
Expelled volume in
first second (mL)
Venous pulsatility in
first second
6.63 0.35
3.6-8.02 0.29-1.03
2.76-8.74 0.18-2.07
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the calf was incompetent most often (14/24), followed by
the posteromedial (posterior accessory; 6/24) and antero-
lateral (anterior accessory; 5/24) GSV tributaries in the
thigh and the anterior arch in the calf (5/24). Yet the
unnamed GSV ones were those harboring incompetence
most often (21/24). Contrary to the prevalence of GSV
and in keeping with the observations by Hobbs et al,1 SSV
incompetence occurred or had been treated in less than a
third (7/24; 29%) of limbs with a PFV.
It has been noted that the PFV often presents as a
recurrence in limbs with prior saphenopopliteal junction
ligation.1 In a series consisting of 41 limbs with a PFV
terminating at the deep system, 14 (34%) of 41 limbs had
undergone such ligation.1 In keeping with this observation,
the odds ratio for the presence of a PFV in limbs with a
history of saphenopopliteal junction surgery (or the re-
verse) was 5.68 in this study. A history of saphenopopliteal
ligation was present in 4 (16.7%) of 24 limbs with a PFV
and in 3.4% of the control limbs (group B). This link
between the PFV and prior saphenopopliteal ligation
points at the importance of factors local to the popliteal
fossa contributing to incompetence in the PFV. However,
popliteal vein reflux occurred as often in limbs with a PFV
as in the control limbs (group B). The PFV terminated at a
different level than the SSV, ending at the popliteal vein
(96%), above the SSV termination by a median distance of
1.5 cm (95% CI, 0.5-2 cm).
Limbs with a PFV were twice as likely to have perfora-
tor incompetence (21/24; 87.5%) as limbs without a PFV
(395/794; 49.7%). In addition, limbs with a PFV had three
times as many incompetent perforators (mean, 2.83 per
limb) as controls; such an occurrence is higher than that
reported for limbs with venous ulceration (C5-6),11 al-
though only 2 (8.3%) of 24 limbs with a PFV had such a
clinical classification. Despite these discrepancies, the ana-
tomic distribution of incompetent perforators was not dis-
similar between limbs with and without a PFV11; most
occurred at the medial middle calf, followed by the medial
distal calf, the medial middle thigh, and the posterior
middle calf. Yet, the increased occurrence of incompetent
perforators at the posterior distal thigh in limbs with a PFV
(Table V), in proximity to the popliteal fossa, underscores
the possible link between the presence of PFV and perfora-
tor veins.
Deep incompetence, shown in 42% of limbs with a
PFV, occurred as often in limbs without a PFV. Consider-
ing that 92% of limbs with a PFV were C2 to C4, the
likelihood of deep incompetence was not unexpected and
was consistent with that reported for limbs with CVDC2 to
C4, ranging from 20% to 47%.11 The occurrence of popli-
teal vein reflux in 6 of the 10 limbs with deep incompetence
highlights the association between the latter and the PFV.
Yet a PFV was present 3 times as often in limbs with a
competent popliteal vein (18/24). In this respect, the PFV
is also analogous to incompetent perforators, which usually
occur in limbs with normal deep veins, although they are
more prevalent among limbs with deep reflux.6,18 Overall,limbs with a PFV had more complex reflux patterns than
the control limbs matched for CEAP clinical class, sex, and
age, confirmed objectively on a global basis with the
VSDS.10
The reflux dynamics in the trunk of the PFV revealed
its similarity to incompetent perforators,13 in keeping
with their analogous anatomic properties. The peak and
mean velocities, time to peak velocity, and venous pul-
satility (1 second) of reflux in the PFV had median values
within the interquartile range of those for incompetent
perforators.13 Because of the PFV median diameter
(0.577 cm), which was 30% greater than the upper
quartile of incompetent perforators, and the long reflux
duration (median, 5.6 seconds), the volume flow and
venous volume of reflux in the PFV neared or exceeded
the upper range for perforators.
PFV tributaries were distributed at the popliteal fossa
(100%); the posterior (87.5%), medial (62.5%), and lateral
(37.5%) upper calf; and the posterior distal thigh (16.7%).
In half of the cases, PFV tributaries communicated with an
incompetent posterior GSV arch. The cosmetic compro-
mise with the PFV was linked to a worse clinical severity
(VCSS) compared with control limbs matched for C class,
sex, and age. This study’s cross-sectional design allows
speculation only as to the etiology of the PFV occurrence,
with genetic and acquired factors combined likely forming
its phenotype.
The PFV occurred in 4.4% (24/543) of the subjects
and was linked to complex reflux patterns involving the
superficial, deep, and perforator veins proximally and
distally. Limbs with a PFV had a higher propensity for
reflux in the GSV and superficial tributaries and had
perforator incompetence three times as often as the
controls. The PFV perforated the fascia and terminated
at the deep system, usually the popliteal vein (96%),
higher than the SSV termination. In light of its reflux
dynamics, nearing or exceeding those of severely im-
paired perforator veins, and the complex patterns of
reflux (VSDS) and venous clinical severity (high VCSS
scores) of the affected limbs, clinical and investigational
awareness of the PFV is warranted.
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